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Evaluation of Metabolic Syndrome and Related Factors in Children

Affected by Acute Lymphoblastic Leukemia

Abstract

Introduction: Obesity is among the medical problems in survivors of childhood acute lymphoblastic
leukemia (ALL). These patients are at risk of metabolic syndrome (MS). The present study aimed
to follow the patients with ALL regarding the incidence of MS. Patients and Methods: This study
was conducted on all patients who referred to the oncology clinic from July 2012 to July 2013.
The exclusion criteria of the study were ALL relapse, secondary malignancy, hypothyroidism,
Down syndrome, and below 2 years of age. ALL had to be diagnosed at least 12 months before
enrollment into this study. MS was assessed by serum triglyceride, cholesterol, fasting blood
sugar, leptin, and insulin levels. Besides, body mass index (BMI) and blood pressure (BP) were
measured at diagnosis and at the last visit. Results: This study was conducted on 53 patients
(male = 35, female = 18). At the end of the study, 13 patients (24.53%) were overweight compared
to 3 patients at diagnosis (P = 0.04). The mean blood leptin level was higher in overweight patients
compared to the others (P = 0.001). MS was detected in 21 patients (39.6%), including 12 males and
9 females. In addition, the BMI Z-score significantly increased over the study period (P = 0.001).
Conclusions: Being overweight is a complication of ALL treatment, which is associated with
elevated blood leptin level and BMI Z-score. Therefore, MS criteria, such as BP, weight, and serum
triglyceride level, should be taken into account in each visit.
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Finnish survivors of pediatric cancer (56%
of whom had ALL) compared to 0% among
the controls.["

Introduction

Acute lymphoblastic leukemia (ALL)
is the most common malignancy in
childhood! with an annual incidence rate
of approximately 3.9/100,000 children.?!
The overall survival rate in 25 years from
the initial diagnosis is 86.8%.°! A study on
acute leukemia survivors with follow-up
time of 0-25 years showed that one or more
adverse events, with defective physical
growth being the most common, might
occur in 74.1% of the patients.! Obesity
following treatment for childhood ALL was
reported in 11%—57% of the survivors.[']

In general, many factors may be involved
in the pathogenesis of obesity in ALL
survivors. Some studies have revealed that
glucocorticoid administration for 5 weeks
resulted in a significant increase in body
mass index (BMI).”" Leptin is a protein
which is synthesized in lipoid tissue and
changes in leptin levels have been thought
to be effective in controlling obesity.!*!

Hence, measurement of leptin may be

Another study indicated that ALL survivors
were at high risk of obesity with the
prevalence rate of 11%-40%." Metabolic
syndrome (MS) is a cluster of conditions,
including increased blood pressure (BP),
high blood sugar level, excess body fat
around the waist, and abnormal cholesterol
levels, which might occur together or alone,
increasing the risk of heart disease, stroke,
and diabetes.['] The prevalence of MS was
16% among adolescents and young adult
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helpful in controlling obesity in ALL
Survivors.

Yet, cranial radiotherapy (CRT) has been the
most frequently cited treatment-related risk
factor for obesity and hypertension among
the ALL patients.®! Therefore, parameters
of MS should be included as routine
assessments in outpatient clinics taking
care of childhood leukemia survivors.[? The
present study aims to assess the prevalence
of MS in the pediatric ALL survivors.
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Patients and Methods

The present study was conducted on the pediatric patients
visited in the oncology clinic affiliated to Shiraz University
of Medical Sciences from July 2012 to July 2013. ALL
diagnosis was confirmed by bone marrow aspiration and
biopsy, immunohistochemistry, and flow cytometry studies.
The patients with secondary malignancy, Down syndrome,
hypothyroidism, history of familial hyperlipidemia,
and relapse of ALL, and those below 2 years of age
were excluded from the study. Among the 105 eligible
patients, 90 were invited to participate in the study, but
only 53 (50.47%) could be completely assessed. This
study was approved by the Ethics Committee of Shiraz
University of Medical Sciences. Besides, written informed
consent for taking part in the study was obtained from
all the participants. All the patients received prednisone,
vincristine, and L-asparaginase as induction chemotherapy.
Doxorubicin was also added for high-risk patients.
Most patients received dexamethasone, daunorubicin,
doxorubicin, cyclophosphamide, cytarabine, 6-thioguanine,
methotrexate, and 6-mercaptopurine as consolidation and
maintenance therapy. The drug doses were adjusted based
on body surface area. All the patients received central
nervous system chemoprophylaxis with age-adjusted dose
of intrathecal methotrexate. Besides, CRT was administered
to most of the high-risk patients. It should be mentioned
that there were no protocol-required treatment modifications
for obesity, and individual reports from the obese patients
in the study cohort were reviewed to assess the off-protocol
dose modifications as a result of obesity.

At first, 10 ml fasting blood samples were collected.
Then, the sera were separated and stored at-20°C to
evaluate leptin, insulin, fasting blood sugar (FBS),
total cholesterol, low-density lipoprotein (LDL), and
high-density lipoprotein (HDL) levels. Leptin level (Pg/ml)
was measured using enzyme-linked immunosorbent assay
(ELISA) method (leptin ELISA kit, Orgenium, Finland).
Insulin level was also measured using the same
method (Monobind, USA).

Abnormalities in fasting triglycerides and HDL cholesterol
blood levels were adjusted for age and sex (>95" percentile
for triglycerides; <5™ percentile for HDL cholesterol). FBS
levels >100 mg/dl were also considered.

The patients’ BP was measured on three consecutive days,
and the mean of the three measurements was considered
as BP at the time of admission. The patients’ BP was
also recorded in each follow-up visit in the outpatient
clinic. BP percentiles were calculated by age, sex, and
height percentiles according to the book “2000 Center for
Disease Control (CDC) growth charts for the United States:
Methods and development.”™

The patients whose systolic or diastolic BP was <90,
between 90 and <95, between 95 and 99, and >99 percentile

were considered as normotensive, prehypertensive, Stage |
hypertensive, and Stage II hypertensive, respectively.

To date, there is no consensus on a specific definition
for MS in children and adolescents. The criteria used
in this study to diagnose MS were modified from those
of the National Cholesterol Education Program’s Adult
Treatment Panel (NCEP-ATP),' International Diabetes
Federation (IDF), IDF - derived (IDF 2005), and
NCEP-ATP LI

BMI percentile chart was extracted from the book “2000
CDC growth charts for the United States: Methods and
development.”t%

Accordingly, the patients with BMI <the 5%, between the
5" and <85" between the 85" and <95" and above the
95" percentile of the normal population were considered as
low weight, normal, overweight, and obese, respectively.
Overweight could also be defined on the basis of a
threshold BMI Z-score of 2.0 or more, adjusted for age
and sex.

Metabolic syndrome criteria

In the present study, MS was defined by 2 criteria, the
first of which being obesity on the basis of a threshold
BMI Z-score of 2.0 or above, adjusted for age and sex,
and elevated systolic or diastolic BP exceeding the
95" percentile for age and sex.

Regarding the second criterion, the patients were
classified as having MS if they met three or more of the
following criteria based on age and sex: 1-BMI above the
97" percentile (Z-score: 2.0 or above), 2-triglyceride level
above the 95" percentile, 3-HDL cholesterol level below
the 5% percentile, 4-systolic or diastolic BP above the
95" percentile, and 5-FBS level >100 mg/dl. Then, the BMI
Z-scores were compared between the time of diagnosis and
the end of follow-up. This definition is similar to Weiss
criteria in definition of MS.['Z

Statistical analysis

All the statistical analyses were performed using the
SPSS statistical software (version 17, Chicago, Illinois,
USA). Chi-square and Fisher’s exact tests were used for
the comparison of categorical variables between the two
groups. Besides, Student’s #-test was used to compare the
quantitative variables between the two groups. In addition,
paired -test was used to compare the patients” BMI Z-score
at the time of diagnosis and at the last follow-up. P < 0.05
was considered as statistically significant.

Results

The participants’ characteristics have been presented in
Table 1. Accordingly, the overall prevalence of MS by the
first criteria was 15.09% (95% confidence interval, n = 8).
However, the prevalence of MS was much higher (39.6%)
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based on the second criteria. Regarding Weiss criteria
(first criteria), the prevalence of 1 MS component was
35.84% (n = 19), while the prevalence of 2 MS components
was 30.18% (n = 16). Besides, 3 MS components were
seen in 11.32% of patients (n = 6), and the prevalence of 4
MS components was 1.88% (n = 1).

Our study results revealed a significant difference between
BMI Z-scores at the time of diagnosis and at the last
follow-up (P = 0.001) [Figure 1].

However, no significant difference was found between
the male and female patients’ BMI Z-scores at the time of
diagnosis and at the last follow-up (0.81 vs. 0.84) [Table 2].
Nonetheless, a significant difference was observed
between the BMI Z-scores at the time of diagnosis and
at the last follow-up in both female (P = 0.02) and male
patients (P = 0.01).

The study findings demonstrated no statistically significant
difference between the patients with MS and those without
MS concerning serum leptin levels (P = 0.13). Similar
results were also obtained with respect to serum insulin
levels (P = 0.60).
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§

8

15.501

84
e

T T
18 24
Months

o
e
o

Figure 1: Mean values of body mass index in childhood acute lymphoblastic
leukemia survivors during 36 months follow-up

Moreover, MS was detected in 4 out of the 10 patients who
had received CRT. Among these patients, no significant
differences were found between the individuals with MS
and those without MS regarding the BMI Z-scores at the
time of ALL diagnosis (P = 0.38).

According to the results, alkaline phosphatase blood levels
at the time of ALL diagnosis were higher in the patients
with MS compared to those without MS (422 + 234 vs.
317 £ 123, P = 0.05).

Discussion

In the current study, 35 patients were male, representing
a greater incidence of childhood ALL in males. Obesity
and being overweight were evident in 5.66% of the ALL
patients at the time of diagnosis, and BMI significantly
increased during the treatment. In the last follow-up,
24.53% of the patients were overweight or obese, and the
difference was statistically significant. The prevalence of
obesity varies in different researches.!'”

Zhang et al. conducted a study on 83 patients and reported
the prevalence rates of overweight (BMI >85% percentile)
to be approximately 21% and 40% at the time of diagnosis
and 5 years after treatment, respectively.!¥) Besides,
Aldhafiri et al. reported the prevalence of overweight and
obesity at diagnosis to be 35%.

In addition, Jansen et al. reported obesity in 52% of the
ALL patients and 7.41% of the patients with brain tumor
12 months after completion of therapy.!'¢!

Moreover, another study demonstrated the incidence rate of
obesity to be 15% and 40% at the time of diagnosis and at
the end of treatment, respectively.!'”

Our study findings revealed a significant increase in
BMI 6 months after starting the treatment, which is in
line with the findings obtained by Zhang et all'¥ In
the present study, BMI followed an increasing trend
2 years after starting the treatment. Afterward, a slight
decrease was observed, and then, BMI increased again

Table 1: Characteristics of the acute lymphoblastic leukemia survivors

Variables Mean+SD

Male (n=35) Female (n=18) Total (n=53)
Age at diagnosis (months) 71.4+47.54 73+45.66 71.94+46.47
Follow-up time (month) 39.26+20.25 46+14.37 41.55+18.60
CRT 8 2 10
BMI >97" percentile (%) 3 (5.66) 2 (3.77) 5(9.43)
BMI >85™ percentile (%) 8 (15.09) 5(9.43) 13 (24.52)
Systolic or diastolic blood pressure >95™" percentile (%) 16 (30.18) 8 (15.09) 24 (45.28)
Systolic or diastolic blood pressure >90" percentile (%) 20 (37.73) 13 (24.52) 33 (62.265)
FBS >100 (%) 1(1.88) 0 1(1.88)
Triglyceride >95™ percentile (%) 13 (24.53) 4(7.55) 17 (32.07)
HDL cholesterol <5 percentile (%) 14 (26.41) 10 (18.86) 24 (45.28)

SD — Standard deviation; CRT — Cranial radiotherapy; BMI — Body mass index; FBS — Fasting blood sugar; HDL — High-density

lipoprotein
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Table 2: Comparison of body mass index Z-scores in
male and female acute lymphoblastic leukemia survivors

Mean (SD) P
BMI Z-score at the BMI Z-score at
time of diagnosis the last follow-up
Female —1.08 (1.51) 0.08 (1.37) 0.02
Male -1.22(2.22) —0.01 (1.78) 0.01
Total —1.18 (1.99) 0.02 (1.64) 0.001

BMI — Body mass index; SD — Standard deviation

with a slower slope. To date, no accurate statistics are
available regarding the prevalence of obesity in normal
Iranian children to compare the prevalence of obesity. If
we consider the prevalence rate of obesity to be 20% in
healthy children,['!8) the rate of obesity at the end of the
treatment in this study was not significantly different from
the normal pediatric population. This is in agreement with
the results of a study that showed no significant difference
between the normal population and ALL patients 2 years
after treatment.®

High-dose corticosteroid therapy which is started at the
beginning of treatment may be one of the reasons for the
sudden increase in weight during the first 6 months.

These children’s parents’ high sensitivity toward their diet,
excessive care, and limited physical activity may also be
important in the patients’ weight gain during the early
months of diagnosis.

Nevertheless, the results revealed weight loss in the patients
within 30 months after the treatment. Although this weight
loss was not statistically significant, it is clinically evaluable
and needs investigation. After an average follow-up of
approximately 42 months, a significant increase in BMI
was noticed again.

The current study results indicated a significant increase
in serum leptin levels in the patients with BMI >85%
compared to those with BMI <85% percentile. Moreover,
a significant difference was observed between the two
groups regarding total cholesterol and FBS, whereas the
differences in serum triglyceride, LDL, HDL, and serum
insulin were not statistically significant.

In this study, the mean leptin level was 554 + 653 Pg/ml.
However, this study did not include a control group. Some
researchers have reported the normal leptin level to be
1000-16,000 pg/ml in men and women with <15% of body
fat and with <25% of body fat, respectively.!'*2

It is evident that the present study patients’ leptin levels
were lower than normal. Theoretically, this might be due to
impaired leptin production by adipose tissue.

In the study by Wex et al., the ALL patients’ leptin level
was low at the time of diagnosis but increased above that
of the normal controls 33 days after the diagnosis.?"

Several researchers have also reported that the ALL
patients’ leptin levels were higher in comparison to the
normal people after treatment.?]

It seems that leptin levels were various in different phases
of ALL therapy. Thus, further studies are required for better
assessment of this variation and even its association with
response to treatment.

The current study results indicated a significant increase
in the obese patients’ serum leptin levels compared to the
nonobese ones. Besides, females had higher serum leptin
levels in comparison to males. This finding has been
confirmed in some previous studies.['62223]

Unlike, the majority of the previous studies although the
patients who had undergone CRT were slightly more obese
and had higher leptin levels (718.7 Pg/ml vs. 503.48 Pg/ml),
this difference was not statistically significant. This was
similar to the findings of Withycombe et al.®! and Razzouk
et al.”™ but in contrast to those of some other studies.??

Contrary to some previous studies,**! the current study
findings demonstrated no significant differences between
the patients who received CRT and those who did not
concerning serum total cholesterol, LDL, and insulin levels
and BMI. However, the two groups were significantly
different with respect to triglyceride levels.

Considering the rate of obesity, certain attention and
screening are needed in ALL patients in the first 6 months
of treatment because BMI follows a sharp increasing
trend in this time interval. Overall, many factors may be
involved in increase of BMI in the children with ALL.
These factors include high-dose steroids,!'3! sex,['”? CRT,>
physical activity,”® and resistance to leptin.l’) Thus, these
children’s parents should pay more attention to their
children’s nutrition. This is of considerable importance
in ALL patients since increased survival enhances the
incidence of MS in these patients. MS, in turn, increases
the risk of cardiovascular diseases; thus, efforts should be
made to control this syndrome.

Among the 53 eligible patients in this study, 21 (39.6%)
including 12 males and 9 females developed MS.

In the study by Aldhafiri et al., the prevalence of MS
was 7.1% in the patients above 9-year-old and 5.4% by
applying the IDF definition and NCEP III-ATP guidelines,
respectively.'>) However, MS by the NCEP III definition
was present in 19% of the overweight and obese survivors
and 7.1% of the sample had at least two of the components
of MS.1I

In our study, the mean age of the patients with and
without MS was 9.77 and 9.24 years, respectively, but the
difference was not statistically significant. In addition, the
mean follow-up period of the patients with and without
MS was 40.3 and 42.3 months, respectively. However, the
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difference was not statistically significant. Yet, comparison
of these figures indicates that the ALL patients’ chance of
developing MS might increase during treatment.

Esbenshade et al. in a study on pediatric ALL patients
revealed that obesity and insulin resistance worsened
during maintenance therapy.?”

A research in Iran revealed that the frequency of obesity
was 25% and nearly 3/4 of obese patients had MS, which
is roughly similar to our study.?

Our results indicated no significant difference between
the patients with MS and those without MS regard to the
parents’ education levels.

Nonetheless, some studies have established a strong
relationship between parental years of education and
childhood obesity.['3>]

Conclusions

Based on our study findings, obesity as a highly morbid
disease should be considered in ALL survivors. In obese
patients, leptin resistance of hypothalamus should be
considered as well. Therefore, paying attention to the risk
factors of MS is necessary and reasonable in the treatment
process and follow-up of the ALL patients, even years after
treatment.[!!

Moreover, early diagnosis and monitoring of the patients
with ALL should be considered, and appropriate treatment
measures should be taken to prevent complications.
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